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(54) METHOD FOR ELECTROLYTICALLY DEPOSITING A ZINC-NICKEL ALLOY LAYER ON AT 
LEAST A SUBSTRATE TO BE TREATED

(57) The present invention is related to a method for
electrolytically depositing a zinc-nickel alloy layer on a
substrate, wherein the method comprises an interrupting
of the execution of the electrolytical deposition of a
zinc-nickel alloy layer on the surface of a substrate by
terminating applying the current from the external current
source to each of the soluble zinc anode(s) and to each
of the soluble nickel anode(s); and wherein afterwards
at least one soluble zinc anode, which is remaining in the

electrolysis reaction container, is electrically connected
by an electrical connection element to form an electrical
connection to at least one soluble nickel anode, which is
remaining in the electrolysis reaction container, for at
least a part of the defined period of time in which no cur-
rent from the external current source is applied to each
of the soluble zinc anode(s) and to each of the soluble
nickel anode(s).
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Description

Field of the Invention

[0001] The present invention relates to a method for
electrolytically depositing a zinc-nickel alloy layer on at
least a substrate to be treated, wherein the method com-
prises the following method steps:

i. providing an electrolysis reaction container com-
prising at least a soluble zinc anode and at least a
soluble nickel anode;
ii. providing an acidic electrolyte comprising at least
a zinc ion source and at least a nickel ion source;
iii. filling of the electrolysis reaction container of
method step (i) with the acidic electrolyte of method
step (ii);
iv. providing at least a substrate to be treated in said
electrolysis reaction container, which has been filled
with the acidic electrolyte;
v. executing an electrolytical deposition of a zinc-
nickel alloy layer on a surface of said substrate to be
treated by applying a current from at least an external
current source to each of the soluble zinc anode(s)
and to each of the soluble nickel anode(s);
vi. terminating applying the current from said external
current source to each of the soluble zinc anode(s)
and to each of the soluble nickel anode(s);
vii. remaining of at least one soluble zinc anode and
at least one soluble nickel anode in the electrolysis
reaction container, which remains filled with an acidic
electrolyte comprising at least a zinc ion source and
at least a nickel ion source, without executing elec-
trolytical deposition of a zinc-nickel alloy layer on the
surface of said substrate to be treated for a defined
period of time in which no current from said external
current source is applied to each of the soluble zinc
anode(s) and to each of the soluble nickel anode(s);
and
viii. restarting of executing of the electrolytical dep-
osition of a zinc-nickel alloy layer on the surface of
said substrate to be treated by restarting applying
the current from said external current source to each
of the soluble zinc anode(s) and to each of the sol-
uble nickel anode(s).

Background of the Invention

[0002] The electrolytical deposition of zinc-nickel alloy
layers on a surface of a substrate to be treated have been
applied widespread in numerous technical fields. It has
been used especially in the field of corrosion protection
due to known good corrosion protection properties of zinc
containing layers, in particular if zinc is combined with
nickel in zinc-nickel alloy layers. Examples for such a
technical application in the field of corrosion protection
are anti-corrosive layers on small construction elements
like screws by executing barrel plating processes. There-

fore, the automotive industry has an enormous demand
for suitable processes for zinc-nickel alloy plating.
[0003] There are numerous documents known in
which such conventional electrolytical zinc-nickel plating
processes have been described already, such as in the
DE 101 46 559 A1 or in the DE 195 38 419 A1.
[0004] A known problem of these electrolytical zinc-
nickel alloy plating processes, which make commonly
use of acidic electrolytes, is the usage of soluble zinc
anodes. It is known that a black passivating deposit is
formed on the surface of the soluble zinc anodes during
the processes, and especially during time periods in
which the electrolytical deposition process of the respec-
tive zinc-nickel alloy plating is interrupted, such as for
common work breaks like weekends, maintenance rea-
sons or alike.
[0005] Said black passivating deposits on the surface
of the soluble zinc anodes passivate the active surface
of the soluble zinc anodes, which is disadvantageous for
the plating efficiency of the electrolytical zinc-nickel dep-
osition. Additionally, it can lead to non-uniformly eroded
soluble zinc anodes from which, in a worst case, parts
of the soluble zinc anodes can fall down in the reaction
container. Such a contamination of the reaction container
filled with the respective electrolyte is of course not de-
sired and a known severe disadvantage in a production
facility at a customer’s site.
[0006] One approach has been the usage of so-called
anode bags, which are arranged around the soluble zinc
anodes during the process and especially in time periods
in which the electrolytical deposition process of the re-
spective zinc-nickel alloy layer is interrupted, such as for
common work breaks like weekends, maintenance rea-
sons or alike. These anode bags are permeable for ions
in both directions so that the electrolytical process is not
hampered by them. However, this approach solely avoids
that such parts of the soluble zinc anodes can still fall
into the reaction container, but it does not avoid the for-
mation of the black passivating deposit on the surface of
the soluble zinc anodes. Furthermore, these so-called
anode bags have to be cleaned regularly, which is again
causing effort and cost.
[0007] Currently, the soluble zinc anodes have to be
stored in separate containers outside of the reaction con-
tainer in said time periods in which the electrolytical dep-
osition process of the respective zinc-nickel alloy layer
is interrupted. This can cause production line contami-
nation caused by parts of the soluble zinc anodes and
their black passivating deposit, which fall down during
the removal of said anodes out of the reaction container.
This again generates high maintenance effort and there-
by high cost.
[0008] The most common approach in the moment is
to remove said black passivating deposit from the surface
of the soluble zinc anodes by making use of an inorganic
acid, such as hydrochloric acid, before an electrolytical
zinc-nickel alloy process is initiated or re-initiated. Espe-
cially after having a work break in production cycles, this
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is a severe requirement in the moment to remove this
black passivating deposit and thereby to reactivate the
surface of the soluble zinc anodes by such an acid.
[0009] However, to apply this acid, all soluble zinc an-
odes have to be taken out of the respective reaction con-
tainer, which causes again a huge effort regarding man-
power, time, and especially required storage space out-
side of the reaction container for all these zinc anodes.
[0010] In DE 20 2008 014 947 U1 these known prob-
lems in zinc-containing acidic plating processes are at-
tempted to overcome by making use of an ionexchange
membrane, especially a cationic ion exchange mem-
brane.
[0011] Such an adaption of existing process lines for
electrolytical zinc-nickel deposition by an additional in-
clusion of an electrolyte circuit flowing through such a
membrane is highly costly for customers due to its known
character as expensive auxiliary equipment, which re-
quires numerous additional technical parts like mem-
brane compartments, pipes, tubes, valves, tanks and
pumps.
[0012] Other approaches to avoid the formation of this
black passivating deposit on the surface of the soluble
zinc anodes has been attempts to execute the electro-
lytical acidic zinc-nickel deposition process with higher
anodic current densities or with higher concentrations of
complexing agents in the respective acidic electrolyte.
[0013] However, these attempts have not been suc-
cessfully in order to completely avoid the formation of the
black passivating deposit. The formation of the black pas-
sivating deposit could only be reduced to some limited
extent. If the anodic current density is increased too far
herein by reducing the anode surface area too much, the
voltage required for initiating the process is highly in-
creasing. The higher said voltage is increasing, the more
gas will be produced on the surface of the zinc anodes
because more and more energy will be used for gener-
ating gas instead of being used for the respective elec-
trolytical process. This makes the process more and
more inefficient on the one side, but also increases the
cost more and more on the other side because it requires
more expensive equipment parts, such as more powerful
rectifiers.

Objective of the present Invention

[0014] In view of the prior art, it was thus an object of
the present invention to provide a method for acidic elec-
trolytical zinc-nickel deposition on a substrate to be treat-
ed, which shall not exhibit the aforementioned shortcom-
ings of the known prior art methods.
[0015] In particular, it was an object of the present in-
vention to provide a method which shall be able to avoid
the formation of the known black passivating deposit on
the surface of the soluble zinc anodes in time periods in
which the electrolytical deposition process of the respec-
tive zinc-nickel alloy layer is interrupted.
[0016] Furthermore, it was an object to provide a meth-

od, which allows that the soluble zinc anodes remain in
the electrolyte in time periods in which the electrolytical
deposition process of the respective zinc-nickel alloy lay-
er is interrupted, and which are not requiring an activation
of said soluble zinc anodes after initiating or re-initiating
the electrolytical zinc-nickel deposition.

Summary of the Invention

[0017] These objects and also further objects which
are not stated explicitly but are immediately derivable or
discernible from the connections discussed herein by
way of introduction are achieved by a method having all
features of claim 1. Appropriate modifications to the in-
ventive method are protected in dependent claims 2 to
15.
[0018] The present invention accordingly provides a
method for electrolytically depositing a zinc-nickel alloy
layer on at least a substrate to be treated, wherein the
method comprises the following method steps:

i. providing an electrolysis reaction container com-
prising at least a soluble zinc anode and at least a
soluble nickel anode;
ii. providing an acidic electrolyte comprising at least
a zinc ion source and at least a nickel ion source;
iii. filling of the electrolysis reaction container of
method step (i) with the acidic electrolyte of method
step (ii);
iv. providing at least a substrate to be treated in said
electrolysis reaction container, which has been filled
with the acidic electrolyte;
v. executing an electrolytical deposition of a zinc-
nickel alloy layer on a surface of said substrate to be
treated by applying a current from at least an external
current source to each of the soluble zinc anode(s)
and to each of the soluble nickel anode(s);
vi. terminating applying the current from said external
current source to each of the soluble zinc anode(s)
and to each of the soluble nickel anode(s);
vii. remaining of at least one soluble zinc anode and
at least one soluble nickel anode in the electrolysis
reaction container, which remains filled with an acidic
electrolyte comprising at least a zinc ion source and
at least a nickel ion source, without executing elec-
trolytical deposition of a zinc-nickel alloy layer on the
surface of said substrate to be treated for a defined
period of time in which no current from said external
current source is applied to each of the soluble zinc
anode(s) and to each of the soluble nickel anode(s);
and
viii. restarting of executing of the electrolytical dep-
osition of a zinc-nickel alloy layer on the surface of
said substrate to be treated by restarting applying
the current from said external current source to each
of the soluble zinc anode(s) and to each of the sol-
uble nickel anode(s); wherein
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in method step (vii) said at least one soluble zinc anode,
which is remaining in the electrolysis reaction container,
is electrically connected by an electrical connection ele-
ment to form an electrical connection to said at least one
soluble nickel anode, which is remaining in the electrol-
ysis reaction container, for at least a part of the defined
period of time.
[0019] It is thus possible in an unforeseeable manner
to provide a method for acidic electrolytical zinc-nickel
deposition on a substrate to be treated, which does not
exhibit the aforementioned shortcomings of the known
prior art methods.
[0020] Additionally, the process of the present inven-
tion offers an amended method which avoids the forma-
tion of the known black passivating deposit on the surface
of the soluble zinc anodes in time periods in which the
electrolytical deposition process of the respective zinc-
nickel alloy layer is interrupted.
[0021] In addition thereto, the method of the present
invention allows that the soluble zinc anodes can remain
in the electrolyte in time periods in which the electrolytical
deposition process of the respective zinc-nickel alloy lay-
er is interrupted.
[0022] Furthermore, the method does not require an
activation of the soluble zinc anodes after initiating or re-
initiating the electrolytical zinc-nickel deposition.
[0023] The inventive method is easily executable in all
already existing acidic zinc-nickel electrolytical deposi-
tion lines without that any kind of additional expensive
auxiliary equipment, such as rectifiers or membrane an-
odes, have to be used.
[0024] The absence of the formation of the black pas-
sivating deposit enables also a very uniform consumption
of the soluble zinc anodes, which saves cost due to a
highly reduced maintenance effort and to a general re-
duced consumption of zinc anodes.

Detailed Description of the Invention

[0025] As used herein, the term "zinc ion source" in
accordance with the present invention refers to any kind
of chemical compound, which is suitable to provide zinc
ions in the electrolyte. For this purpose, a zinc salt or a
zinc complex is exemplarily suitable.
[0026] As used herein, the term "nickel ion source" in
accordance with the present invention refers to any kind
of chemical compound, which is suitable to provide nickel
ions in the electrolyte. For this purpose, a nickel salt or
a nickel complex is exemplarily suitable.
[0027] As used herein, the term "terminating applying
the current from said external current source" in method
step (vi) in accordance with the present invention refers
to an action, wherein the application of current from an
external current source is switched off.
[0028] The term "defined period of time in which no
current from said external current source is applied to
each of the soluble zinc anode(s) and to each of the sol-
uble nickel anode(s)" refers to a period of time in method

step (vii), which is beginning subsequently to the action
of terminating applying the current in method step (vi).
[0029] The term "filled with an acidic electrolyte" in
method step (vii) refers to an acidic electrolyte comprising
at least a zinc ion source and at least a nickel ion source.
Preferably it is the electrolyte of method step (ii).
[0030] As used herein, the term "remaining of at least
one soluble zinc anode and at least one soluble nickel
anode in the electrolysis reaction container, which re-
mains filled with an acidic electrolyte comprising at least
a zinc ion source and at least a nickel ion source" in
accordance with the present invention refers to a situa-
tion, wherein a customer possibly removes one or more
than one soluble zinc and/or nickel anodes out of the
electrolysis reaction container during the defined period
of time in method step (vii). However, it is necessary that
at least one soluble zinc anode and at least one soluble
nickel anode still remain in the electrolyte in the electrol-
ysis reaction container. Furthermore, the electrolyte has
at least to remain up to a certain liquid level in the elec-
trolysis reaction container in such a way that the soluble
zinc and nickel anodes being in said container are still
reaching at least partially, preferably completely, into the
electrolyte.
[0031] The electrical connection of the at least one sol-
uble zinc anode to the at least one soluble nickel anode
in method step (vii) can be exemplarily formed by an elec-
trical cable. Conclusively, the electrical cable allows the
flow of current between such a zinc anode and a nickel
anode without making use of an external current source.
In principle, it works like a short-circuited galvanic cell.
The current, which flows now between zinc anode and
nickel anode, is caused by the difference of the electro-
chemical potential of zinc and nickel. Thus, elemental
nickel is deposited on the surface of the respective zinc
anode. The amount of nickel ions, which is able to be
deposited on the zinc electrode surface, is decreasing
by time. This is caused by the increased covering of the
former zinc surface of the zinc electrode by the deposited
nickel. That means that the total thickness of the nickel
deposit is limited to a certain extent, which avoids that
the nickel deposit is becoming too thick.
[0032] As used herein, the term "electrical connection
element" in accordance with the present invention refers
not to an electrolyte.
[0033] If the method is restarting the executing of an
electrolytical deposition of a zinc-nickel alloy layer on the
surface of said substrate to be treated by restarting ap-
plying the current from said external current source to
each of the soluble zinc anode(s) and to each of the sol-
uble nickel anode(s), the electrical connection between
the soluble zinc anode(s) and the respective soluble nick-
el anode(s) has to be removed again at the latest to the
time of entering method step (viii). As soon as the current
from the external current source is applied again in meth-
od step (viii) to the soluble zinc and nickel anodes, the
nickel deposit is going immediately again in solution (in
the electrolyte). There is no obstacle due to the present
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nickel deposit on the surface of the zinc anode for re-
starting the method of electrolytical deposition of a zinc-
nickel alloy layer on the surface of a substrate to be treat-
ed in the acidic electrolyte.
[0034] Nickel and zinc anodes can be chosen as com-
monly required by these known electrolytical acidic zinc-
nickel deposition methods. Zinc anodes can exemplarily
be a plate, a sheet, a bar, or a bar with continuous titanium
core inside of the zinc anode bar.
[0035] In one embodiment, in method step (vii) said at
least one soluble zinc anode, which is remaining in the
electrolysis reaction container, is electrically connected
by an electrical connection element to form an electrical
connection to said at least one soluble nickel anode,
which is remaining in the electrolysis reaction container,
for the entire defined period of time.
[0036] This is advantageous because it minimizes the
time in which further black passivating deposit can be
deposited on the surface of the soluble zinc anodes.
[0037] In one embodiment, in method step (vii) each
soluble zinc anode, which is remaining in the electrolysis
reaction container, is electrically connected by an elec-
trical connection element to form an electrical connection
to at least one soluble nickel anode, which is remaining
in the electrolysis reaction container.
[0038] It is of course preferred to protect all soluble
zinc anodes by the nickel deposit executed in inventive
method step (vii). This minimizes effort for maintenance
reasons.
[0039] In one embodiment, in method step (vii) the de-
fined period of time is at least 10 minutes, preferably at
least 1 hour, and more preferably at least 3 hours.
[0040] The longer the defined period of time is, the
more black passivating deposit is deposited on the sur-
face of the soluble zinc anodes.
[0041] In one embodiment, in method step (viii) the re-
starting of execution of the electrolytical deposition of a
zinc-nickel alloy layer on the surface of said substrate to
be treated is done without an activation of at least a sol-
uble zinc anode, preferably without an activation by an
acid, more preferably without an activation by an inor-
ganic acid, and most preferably without an activation by
hydrochloric acid, sulfuric acid or mixtures thereof.
[0042] This saves maintenance effort and cost.
[0043] In one embodiment, the method does not com-
prise the provision and/or utilization of any kind of mem-
brane in the electrolysis reaction container.
[0044] The application of such expensive technical
equipment can be avoided by the inventive method
claimed herein. There is no need to provide membrane
anode systems comprising separated compartments in-
side of the electrolysis reaction container divided by
membranes.
[0045] In one embodiment, the method does not com-
prise the provision and/or utilization of any kind of anode
bags.
[0046] In one embodiment, in method step (vii) all sol-
uble zinc anodes remain in the electrolysis reaction con-

tainer filled with the acidic electrolyte for at least a part
of the defined period of time, preferably for the entire
defined period of time.
[0047] This is a clear advantage of the inventive meth-
od. A customer solely still need to take the zinc anodes
out of the electrolysis reaction container for general re-
placement due to the consumption of the anode material
by the method, but no more caused by the black passi-
vating deposit. The formation of this black passivating
deposit is in literature also called sometimes "cementa-
tion effect".
[0048] In one embodiment, in method step (vii) the
electrical connection between said at least one soluble
zinc anode, which is remaining in the electrolysis reaction
container, and said at least one soluble nickel anode,
which is remaining in the electrolysis reaction container,
is terminated automatically, preferably by a mechanical
switch, at the latest at the beginning of method step (viii),
if said electrical connection is still present at that time.
[0049] This offers the advantage that no trained user
has to be present at customer’s site for disconnecting
the zinc anodes from the nickel anodes before the exter-
nal current source is switched on again simultaneously
or subsequently. The possibility of automatic interruption
of the electrical connection between the at least one sol-
uble zinc anode and the at least one soluble nickel anode
reduces further the effort at customer’s site in order to
adapt especially already existing plating lines with this
new inventive method. The customer has solely to install
in a preferred embodiment thereof an automatic mechan-
ical switch for the electrical connection between the at
least one soluble zinc anode and the at least one soluble
nickel anode.
[0050] In one embodiment, in method step (v) the sol-
uble zinc anode(s) has/have an anodic current density
ranging from 1 to 6 ASD, preferably from 2 to 6 ASD, and
more preferably from 3 to 5 ASD.
[0051] ASD is commonly used in the galvanic industry
and means also here in the context of the present inven-
tion ampere per square decimeter. If the anodic current
density is higher than 6 ASD, it leads to numerous dis-
advantageous effects, such as excessive dissolving of
the zinc anodes, high heat development, bad geometric
metal distribution on the surface of the substrate to be
treated and bad metal throwing power.
[0052] In one embodiment, the acidic electrolyte has
a pH-value ranging from 4 to 6, preferably from 4.5 to
5.8, and more preferably from 5.2 to 5.6.
[0053] If the pH is becoming too high, nickel hydroxides
are formed, which are known as disadvantageous in this
acidic electrolytical deposition methods.
[0054] In one embodiment, in method step (v) the tem-
perature of the acidic electrolyte is ranging from 20 to
55°C, preferably from 25 to 50°C, and more preferably
from 30 to 45°C.
[0055] In one embodiment, the zinc ion concentration
in the acidic electrolyte is ranging from 10 to 100 g/l,
preferably from 12 to 70 g/l, and more preferably from 17
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to 38 g/l.
[0056] In one embodiment, the nickel ion concentration
in the acidic electrolyte is ranging from 10 to 100 g/l,
preferably from 15 to 60 g/l, and more preferably from 23
to 32 g/l.
[0057] In one embodiment, the electrical connection
element is an electrical cable.
[0058] The present invention thus addresses the prob-
lem of avoiding the formation of the black passivating
deposits on the surface of soluble zinc anodes in a de-
fined period of time in which no current from the at least
one external current source is applied to each of the sol-
uble zinc anode(s) and to each of the soluble nickel an-
ode(s) during such an acidic electrolytical zinc-nickel
deposition method.
[0059] While the principles of the invention have been
explained in relation to certain particular embodiments,
and are provided for purposes of illustration, it is to be
understood that various modifications thereof will be-
come apparent to those skilled in the art upon reading
the specification. Therefore, it is to be understood that
the invention disclosed herein is intended to cover such
modifications as fall within the scope of the appended
claims. The scope of the invention is limited only by the
scope of the appended claims.

Claims

1. Method for electrolytically depositing a zinc-nickel
alloy layer on at least a substrate to be treated,
wherein the method comprises the following method
steps:

i. providing an electrolysis reaction container
comprising at least a soluble zinc anode and at
least a soluble nickel anode;
ii. providing an acidic electrolyte comprising at
least a zinc ion source and at least a nickel ion
source;
iii. filling of the electrolysis reaction container of
method step (i) with the acidic electrolyte of
method step (ii);
iv. providing at least a substrate to be treated in
said electrolysis reaction container, which has
been filled with the acidic electrolyte;
v. executing an electrolytical deposition of a
zinc-nickel alloy layer on a surface of said sub-
strate to be treated by applying a current from
at least an external current source to each of the
soluble zinc anode(s) and to each of the soluble
nickel anode(s);
vi. terminating applying the current from said ex-
ternal current source to each of the soluble zinc
anode(s) and to each of the soluble nickel an-
ode(s);
vii. remaining of at least one soluble zinc anode
and at least one soluble nickel anode in the elec-

trolysis reaction container, which remains filled
with an acidic electrolyte comprising at least a
zinc ion source and at least a nickel ion source,
without executing electrolytical deposition of a
zinc-nickel alloy layer on the surface of said sub-
strate to be treated for a defined period of time
in which no current from said external current
source is applied to each of the soluble zinc an-
ode(s) and to each of the soluble nickel an-
ode(s); and
viii. restarting of executing of the electrolytical
deposition of a zinc-nickel alloy layer on the sur-
face of said substrate to be treated by restarting
applying the current from said external current
source to each of the soluble zinc anode(s) and
to each of the soluble nickel anode(s);

characterized in that
in method step (vii) said at least one soluble zinc
anode, which is remaining in the electrolysis reaction
container, is electrically connected by an electrical
connection element to form an electrical connection
to said at least one soluble nickel anode, which is
remaining in the electrolysis reaction container, for
at least a part of the defined period of time.

2. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
claim 1 characterized in that in method step (vii)
said at least one soluble zinc anode, which is remain-
ing in the electrolysis reaction container, is electri-
cally connected by an electrical connection element
to form an electrical connection to said at least one
soluble nickel anode, which is remaining in the elec-
trolysis reaction container, for the entire defined pe-
riod of time.

3. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
claim 1 or 2 characterized in that in method step
(vii) each soluble zinc anode, which is remaining in
the electrolysis reaction container, is electrically con-
nected by an electrical connection element to form
an electrical connection to at least one soluble nickel
anode, which is remaining in the electrolysis reaction
container.

4. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
in method step (vii) the defined period of time is at
least 10 minutes, preferably at least 1 hour, and more
preferably at least 3 hours.

5. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
in method step (viii) the restarting of execution of the
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electrolytical deposition of a zinc-nickel alloy layer
on the surface of said substrate to be treated is done
without an activation of at least a soluble zinc anode,
preferably without an activation by an acid, more
preferably without an activation by an inorganic acid,
and most preferably without an activation by hydro-
chloric acid, sulfuric acid or mixtures thereof.

6. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
the method does not comprise the provision and/or
utilization of any kind of membrane in the electrolysis
reaction container.

7. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
the method does not comprise the provision and/or
utilization of any kind of anode bags.

8. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
in method step (vii) all soluble zinc anodes remain
in the electrolysis reaction container filled with the
acidic electrolyte for at least a part of the defined
period of time, preferably for the entire defined period
of time.

9. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
in method step (vii) the electrical connection between
said at least one soluble zinc anode, which is remain-
ing in the electrolysis reaction container, and said at
least one soluble nickel anode, which is remaining
in the electrolysis reaction container, is terminated
automatically, preferably by a mechanical switch, at
the latest at the beginning of method step (viii), if
said electrical connection is still present at that time.

10. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
in method step (v) the soluble zinc anode(s)
has/have an anodic current density ranging from 1
to 6 ASD, preferably from 2 to 6 ASD, and more
preferably from 3 to 5 ASD.

11. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
the acidic electrolyte has a pH-value ranging from 4
to 6, preferably from 4.5 to 5.8, and more preferably
from 5.2 to 5.6.

12. Method for electrolytically depositing a zinc-nickel

alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
in method step (v) the temperature of the acidic elec-
trolyte is ranging from 20 to 55°C, preferably from
25 to 50°C, and more preferably from 30 to 45°C.

13. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
the zinc ion concentration in the acidic electrolyte is
ranging from 10 to 100 g/l, preferably from 12 to 70
g/l, and more preferably from 17 to 38 g/l.

14. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
the nickel ion concentration in the acidic electrolyte
is ranging from 10 to 100 g/l, preferably from 15 to
60 g/l, and more preferably from 23 to 32 g/l.

15. Method for electrolytically depositing a zinc-nickel
alloy layer on a substrate to be treated according to
one of the preceding claims characterized in that
the electrical connection element is an electrical ca-
ble.
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